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AGENT AND METHOD FOR TREATING METAL SURFACES 
Field of the Invention 
This invention relates to a one-coat-type metal surface treatment agent 
and method that can be used to form a chromium-free nonchromate coating on — and that 
impart corrosion resistance, fingerprint resistance, marring resistance, processability. and 
paint adherence to - sheet coil, castings, and shaped articles (for example, automotive 
body elements and other automotive parts, construction materials, parts for household 
electrical appliances) of steel sheet or plated steel sheet such as zinciferous-plated steel 
sheet The invention additionally relates to the corresponding surface-treated metals. 



10 



Description of the Background Art 
Metals such as steel sheet and zinciferous-plated steel sheet are subject to 
oxidation and corrosion by atmospheric oxygen, moisture, and the ions present in 
15 moisture. One technology already known for inhibiting this corrosion comprises forming 

a chromate coating on the metal surface by bringing the metal into contact with a 
chroiniunwontaining treatment bath, for example, a chromic acid chromate or phosphoric 
acid chromate bath. Another known anticorrosion technology comprises the formation of 
a film or coating by applying a chronuunwontaining treatment bath to the metal surface 

2 0 followed by drying by heating. 

By themselves, the resulting inorganic chromate coatings do provide a 
short-term antirust activity in relatively mild environments, but their long-term corrosion 
resistance is unsatisfactory and their corrosion resistance when challenged by harsher 
environments is also unacceptable. Other problems with these coatings arise in the case 
25 of sheet coil on which only a chromate treatment has been executed. Since the resulting 

coatings are hard and brittle and exhibit a poor lubricity, cutting and/or shaping of such 
sheet coil is accompanied by the following problems: (i) delamination of the coating, 
which results in an impaired appearance, and (ii) an inability to cany out shaping or 
working in a satisfactory manner, which results in the production of cracks in the 
30 substrate. Moreover, traces of the fingerprints made by workers during the fabrication 

process will remain in the subject coatings even after degreasing. leading again to a loss 
of aesthetics. It is for these reasons that a two-layer treatment is generally carried out in 
order satisfy the entire spectrum of desired properties, Le., high corrosion resistance, 
fingerprint resistance, marring resistance, lubricity, and paint adherence. This two-layer 
3 5 treatment comprises the formation of a chromate coating on the metal surface followed by 
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thereby treated This agent contains a specific polyvalent anion and an organic polymer, 
such as an epoxy resin, acrylic resin, or urethane resin, that contains at least 1 nitrogen 
atom. Japanese Laid Open (Kokai or Unexamined) Patent Application Number Hei 10- 
60233 (60,233/1998) teaches a treatment method that uses two rust preventives (1) and (2) 

5 and metals thereby treated Rust preventive (1) contains a Wsphenol A epoxy resin with a 

specific structure, while rust preventive (2) contains phenolic resin and a specific non- 
phenolic resin (e.g., polyester). 

However, the foregoing chromium-free agents for treating metal surfaces, 
while offering the advantage of not containing hexavalent chromium, provide an 

L 0 unacceptable corrosion resistance. Even more problematically, they provide a corrosion 

resistance in marred regions and shaped regions that is much inferior to that provided by 
chromate coatings. They also provide an unacceptable lubricity, fingerprint resistance, 

and marring resistance. 

In s um, then, no extant noncbromate metal surface treatment agent has the 
15 ability to farm a coating that can simultaneously provide a metal surface with an excellent 

corrosion resistance, an excellent paint adherence, and an excellent fingerprint resistance. 

Summary of the Invention 
This invention was developed in order to remedy the hereinabove 
2 0 described problems associated with previously known technology. An object of this 

invention is to provide a metal surface treatment agent that does not contain chromium 
and that can be used to equip metals with an excellent corrosion resistance, an excellent 
paint adherence, and an excellent fingerprint resistance. Additional objects of this 
invention are to provide a metal surface treatment method that uses said agent and metals 

2 5 whose surface has been treated using the inventive agent and method 

As a result of extensive investigations into means for remedying the 
problems delineated above, the inventors discovered that a highly corrosion-resistant, 
highly fingerprint-resistant, and strongly paint-adherent coating can be formed by treating 

3 0 metal surfaces with a treatment agent whose essential components are a specific type of 

metal compound and polymer with a specific structure. This invention was achieved 
based on this discovery. 
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Detailed Description of the Invention 

aaentth* * "°" * a — surface ***** 

agent that comprises 

(a) one or more polymers having general formula (I) or (II) as specified below 



and 

0>) one 



or more metal compound or compounds containing at Jeast 1 metal selected 
fiom the group consisting of vanadium, zirconium, titanium, molybdenum, 
tungsten, manganese, and cerium 
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(D 



wherein 

Rl thn>Ugh R< Mch ^ependendy selected from H (hydrogen atom) 
alkyl; 

V 1 and V 2 are each independently selected from H (hydrogen 
OZ, 

-R*Z,and-OR 8 Z 
wherein 

R 7 represents C, to Cs alkyl, 
R* represents C, to Cs alkylene, and 
Z has a general formula as follows 



andCitoCs 
atamX-CHjOR'.-Z,- 



O 
II 



»— OT1 



OT2 



or 
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wherein T 1 to T* are each independently selected from H (hydrogen 
atom) and Ci to Cj alkyl; 

5 

V 3 is H (hydrogen atom) or -Z wherein this Z is defined as above and wherein, at 

least one of groups V 1 to V 3 is a Z-containing functional group; 
X is a group provided by the opening of an ethylenic double bond of an ethylenic 

double bond-functional compound that is different from both the compound that 
10 provides the structural unit encompassed by the subscript n and the compound 

that provides the structural unit encompassed by the subscript m; 
n is an integer from 2 through 50; 
m is 0 or an integer from 1 through SO; 
p is 0 or an integer from 1 through 20; 
15 0.1i5n/(n + m + p)£1.0; 

0 £ mJ(n + m + p) £ 0.9; and 
0£p/(n + m + p)£0.6; 




0 



20 



wherein 



W l through W 3 are each independently selected from H (hydrogen atom), -CH^R 1 , - 



-OZ, -R'Z -OR'Z.and general formula (i) 
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(i) 



wherein 

R'.R-.andR' are each independently selected from Hydrogen atom) and 
GtoQalkyl, 

R b and R« are each independently selected from C, to C, alkylene 

Z is defined as for 2 in general formula (D, and 
no more than 1 of W 1 through W 3 can „ .. L 
W* ^c. . , . w can be a group with general formula (i); 

, ^ hydro ^ or -2 wherein this 2 is defined as above- 

2 ammo groups m melamine, guanamine, or urea; 
s is an integer from 2 through 50; and 
t is 0 or an integer from 1 to 20. 

-"cc or w ^ ^^^^ fc ^ ( 
m the coixosion resistance of the coating. nnancements 

bv nol™™ * ^ ^ be furnished 

oy polymerization initiators such as atom /wv • i_ 

SUcn as AffiN (azobisisobutyronitrile), BPO (benzoyl 
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peroxide), and persulfate salt, and the end structures can vary depending on the 
polymerization initiator. The two end groups are not critical and can be exemplified by 
hydrogen atom, phenyl group, 
-CXCHsMCN), and benzoyloxy. 

The general formula (I) embodiment of polymer (a) encompasses polymer 
comprising only the structural unit bounded by the subscript n; copolymer comprising the 
structural unit bounded by the subscript n and the structural unit bounded by the subscript 
m; copolymer comprising the structural unit bounded by the subscript n and the structural 
unit bounded by the subscript p; and copolymer comprising the structural unit bounded by 
the subscript n, the structural unit bounded by the subscript in, and the structural unit 
bounded by the subscript p. The structural units bounded by the subscripts n, m, and p 
may occur in any order relative to one another, for example, their sequence may ben-> 
m -> p, n -» p -> m, m -> n -» p, m -» p -» n, p -» n -» m, p -> m -» n, n -» m, n -> 
p, m -» n, and p -» n. Each of these structural units may be bonded in a block 
configuration, or may be bonded in alternation with another structural unit or units, or 
may be bonded in a completely random manner. It should be understood that formula (I) 
encompasses all of these individual embodiments. 

In addition, the structural unit bounded by a particular subscript, for 
example, the structural unit bounded by the subscript n, may comprise only a single 
species of said structural unit or may comprise different species of said structural unit 

The Ci to Cs alkyl groups comprising R 1 through R 7 can be exemplified 
by methyl, ethyl propyl, isopropyl, butyl, isobutyl, and pentyL 

The Ci to C 5 alkylene groups comprising R 8 can be exemplified by 
methylene, ethylene, propylene, isopropylene, butylene, and pentylene. 

The Ci to C5 alkyl groups comprising T 1 through T* can be exemplified 
by methyl, ethyl, propyl, isopropyl, butyl, and pentyl. 

The definition of X refers to an ethylenic double bond-functional 
compound that is different from both the compound that provides the structural unit 
encompassed by the subscript n and the compound that provides the structural unit 
encompassed by the subscript m. No specific restrictions apply to this ethylenic double 
bond-functional compound and it can be exemplified by ethylenicaUy unsaturated 
carboxylic acids such as (meth)acrylic acid, maleic acid, fumaric acid, crotonic acid, and 
itaconic acid; Q to Q alkyl (meth)acrylates such as methyl (meth)acrylate, ethyl 
(meth)acrylate, propyl (meth)acrylate, isopropyl (meth)acrylale, butyl (meth)acrylate, 
hexyl (meth)acrylate, octyi (meth)acrylate, and 2-eu^ylhexyl (meth)acrylate; 
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A value less than 2 for s in general formula (II) results in a poor corrosion 
resistance by the coating, while values greater than 50 for s result in an overly high 
viscosity and a correspondingly poor stability in water and hence should be avoided- An 
acceptable corrosion resistance and an acceptable paint adherence are usually not obtained 
5 when the subscript t has a value above 20. The presence of more than 5 carbons in the 

gjjjyl represented by R*. R d , R". T 1 , T 2 , T 3 , and T* results in a strong hydrophobicity with a 
corresponding decline in the stability in water. The presence of more than 5 carbons in 
the alkylene represented by R b and R e similarly results in a reduced stabiUty in water. 

While it should be understood that this invention is not bound to a 
10 particular synthesis method, the polymer with general formula (I) can be synthesized, for 

example, by synthesizing polymer with general formula (I) in which V l =V J = V 3 = H and 
then making appropriate modifications to V, V 1 , and V 3 . Polymer (D in which V 1 = V 1 = 
V 3 = H can itself be synthesized by the appropriate homopolymerization or 
copolymerization by the usual methods of monomer that will provide the structural unit 
15 bounded by the subscript n in which V 1 = V 2 = V 3 = H, monomer that will provide the 

structural unit bounded by the subscript m when this structural unit is to be present, and 
monomer that will provide the structural unit bounded by the subscript P when this 

structural unit is to be present 

The polymer with general formula (ID can generally be synthesized, for 
2 0 example, by appropriate modification of W\ W 3 , W 3 , and W* after synthesis of the 

polymer by reacting formaldehyde, monomer that is a source of Y , and phenolic monomer 
m whichW , =W J = W 3 = W 4 = HorW , =W l = W* = HandW 3 has general formula (i). 
Again, however, this invention is not bound to a particular method for synthesizing 

polymer with general formula (II). 
25 The various substituents can be introduced in the case of general formula 

(I) by the usual methods. As a general matter, the -«OR 7 group can be introduced by 
the reaction of formalin and alcohol with phenolic hydroxyl-functional polymer, e.g.. 

polyhydroxystyrene. 

Introduction of the phosphonic acid group (-P(=0)(OH 2 )) directly onto 

30 the aromatic ring can be carried out. for example, by hydrolysis following a 

dealkylhalogenation reaction between a trialkyl phosphite (R-P(=0)(OR) 2 ) and a ring- 
halogenated phenolic hydroxyl-functional polymer. e.g., ring-halogenated 
polyhydroxystyrene. Introduction of the phosphonic acid group HP^XOH*)) directly . 
onto the aromatic ring can also be effected by hydrolysis following dehydrohalogenation 

35 by the action of P*OCl, (produced by the reaction of phosphorus oxychloride POCI3 with 
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The metal compound (b) can be specmcaUyexemplMed by vanadium - 
pentoxide V^j. vanadium trioxide V a Oj, vanadium dioxide VO* metavanadic acid 
HVO3. arnmonium metavanadate, sodium metavanadate, vanadium oxysulfate VOSO4, 
vanadium oxyacetylacetonate VOOTCH^COCHik vanadium acetylacetonate 
5 V(OC(CH3)=CHCOCH3)3. vanadium oxytrichloride VOCl 3 , vanadium trichloride VC1 3 . 

zirconyl nitrate ZKXNQfe zirconyl sulfate, zirconyl acetate, ammonium zirconyl 
carbonate (NHMZKCChWOHJj), fluozirconic acid HjZrFb titanyl sulfate TiOSO* 
diisopropoxytitaniumbUacetylacetone (QH^TiCOCHCCHa)^, the reaction product of 
lactic acid and titanium alkoxide, fluotitanic acid HaTiF*. titanium lactate 
10 TKOHMCsH^ molybdic acid H2M0O4, ammonium molybdate, sodium molybdate. 

molybdophosphoric acid compounds such as ammonium monophosphate 
(NH 4 ) 3 (P04Mo 1 2036)-3H 2 0 and sodium molybdophosphate Na^OaiMoCbVnHaO, 
metatungstic acid H^W^CW. ammonium metatungstate (NH^WuO*), sodium 
metatungstate, paratungstic acid H^nO^H.o), ammonium paratungstate. sodium 
15 paratungstate, permanganic acidHMnO*. potassium permanganate, sodium permanganate, 

manganese dihydrogen phosphate MnOfcPOOi, manganese nitrate Mn(N03>i, manganese 
sulfate, manganese fluoride, manganese carbonate, manganese acetate, cerium acetate 
Ce(CH 3 COj)3, cerium nitrate, and cerium chloride. 

The use of at least two different metal compounds (b) is even more 
20 effective for improving such properties as the corrosion resistance and alkali resistance. 

An even more substantial improvement in these properties can be obtained when at least 1 
of the metal compounds (b) is a vanadium compound, and in the most preferred 
embodiment for improving these properties this vanadium compound contains vanadium 
in the trivalent or tetravalent oxidation state. 

A trivalent or tetravalent vanadium compound can be provided in the 
inventive treatment agent by simply using a trivalent or tetravalent vanadium compound, 
e.g., as described above, or by the preliminary reduction of a pentavalent vanadium 
compound to the trivalent or tetravalent compound through the use of a reducing agent 
The reducing agent used for this purpose may be inorganic or organic, but is preferably 
30 organic. More preferably the reducing agent is (e) an organic compound contaiimig at 

least 1 species of functional group selected from the set consisting of the hydroxyl group, 
carbonyl group, carboxyl group, phosphoric acid group 

-OP(=OXOHk, phosphonic acid group, primary amino group, secondary amino group, 
tertiary amino group, and amide group. U is particularly preferable for the reducing agent 
35 to be a water-soluble organic compound. 
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The aforementioned reducing agent to ie »«„ 

containing at least 1 so*** . 8 ( * C " 211 Qr S anic compound 

-"uuigw least l species of functional erouo seW*«i *~ 

phosphonic acid group f-PO,H ^ nr. m , ^ WP °^ 

6»uu P (, rv3H^ t primary amino grouu se™«/i».,, - • 

AddWoM] enhencemeas m the corrosion aaisaxc , 
-^^^^ Mlvei , tresistMceoftlKc ~^™ 
Presence in the inventive hm^ e 8 ^ored by the 

Smce the polymer (a) is anionic in water the * 

"^tbam mimic _„,»• • >uctofrob *'y.«iiditi>fonl 1 u, 
^r*^^ oooionic species is used for Hie organic polymer (c) 

group is not crihVpi *• ^ of amonic functional 
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phosphoric acid group, phosphonic acid group, thiol group, silanol group, and salts of the 
foregoing acid groups. The type of nonionic functional group is also not critical; this 
group can be exemplified by hydroxyl group, amide group, and polyoxyethylene chain. 
The organic polymer (c) can contain only a single species of the aforementioned 
5 functional groups or may contain two or more species of the aforementioned functional 

groups. 

The polymeric structure of the organic polymer (c) is not critical and (c) 
can be, far example, a urethane resin, epoxy resin, polyester resin, polyamide resin, or 
resin as afforded by the (co)polymerization of ethylenically double bond-functional 

1 0 monomer (e.g., acrylic resin or vinyl resin). 

The organic polymer (c) produced by the (co)polymerization of ethylenic 
double bond-functional monomer can be, for example, the homopolymer or copolymer of 
monomer bearing an anionic or nonionic functional group, e.g., (meth)acrylic acid, maleic 
acid, crotonic acid, itaconic acid, fumaric acid, vinylsulfonic acid, methallylsulfonic acid, 

15 styrenesulfonic acid, phosphonyloxymethyl (meth)acrylate, phosphonyloxyethyl 

(meth)acrylate, vinylphosphonic acid, vinyl mercaptan, 2-hydroxyethyl (meth)acrylate, 3- 
hydroxypropyl (meth)acrylate, (meth)acrylamide, N-methylol(meth)acrylamide, and 
polyethylene glycol (meth)acrylate. The organic polymer (c) can also be a copolymer of 
the foregoing monomer with alkyl (for example, C, to Cg) acrylate, ethylene, styrene, or 

20 acrylonitrile. 

Urethane resin-type (c) can be, for example, water-soluble isocyanate 
prepolymer or the polycondensate of polyisocyanate and a polyol such as a polyester 
polyol, polyether polyol, or polycarbonate polyol wherein one of the starting components 
is polyol containing anionic or nonionic functionality. 
2 5 Epoxy resin-type (c) can be, for example, epoxy resin as afforded by the 

introduction of anionic or nonionic functionality through the modification of epoxy resin 
containing residual glycidyl groups. 1 

Polyester resin-type (c) can be, for example, polyester produced from 
polyol containing anionic or nonionic functionality or dibasic acid containing anionic or 

3 0 nonionic functionality. 

Polyamide resin-type (c) can be, for example, polyamide resin produced 
using polyoxyethylene chain-containing diamine as a starting component or the material 
produced by the partial or complete methylolation of the H in the NHCO- moiety in a 
polyamide resin followed by partial oxidation to give the carboxyl group. 
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fluoride, and fenic fluoride. ' ta fluonde ' fe ™* 

surfacetreatnj^ 

tteatment agent - expressed as metal compound (b) fas metaiv™, , , . 

Polymer (cypolymer (a) mass ratio preferably of 005 to 2n „ ^ 
20 T . 

^ CT0SSlillker 15 P«ferably at from 0.05 to 30 mass parts ner 1 nn 
P™ P« 100 of ^ ^ Donvolilik con¥OTMt mteired 
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For the purposes of this invention, the total nonvolatile component is the 
component remaining after the surface treatment agent has been dried by heating for 2 
hours at 110°G 

The corrosion resistance of the coating can be improved still further and 
5 its physical properties (for example, the tensile strength) can be adjusted by the addition 

to the inventive surface treatment agent of a water-dispersible smca sol anci/or metal sol. 
e.g., alumina sol, zirconia sol, etc. When such a component is added, it is preferably 
added at from 5 to 40 mass% of the total nonvolatile component and more preferably at 
from 10 to 30 mass% of the total nonvolatile component 
1Q wax can be added to the inventive surface treatment agent in order to 

improve the lubricity, processability, and mar resistance of the coating, said wax being 
selected from waterborne waxes such as olefin waxes, e.g., polyethylene wax and 
polypropylene wax; ester waxes, e.g., camauba wax, rice wax. candelilla wax, and 
lanolin; and hydrocarbon waxes, e.g., microcrystalline wax. This component is added 
15 preferably at from 0.5 to 30 mass% of the total nonvolatile component and more 

preferably at from 1 to 20 mass% of the total nonvolatile component. 

The inventive surface treatment agent may also contain, within a range 
that does not impair the objects of the invention, powdered polymer. e.g.. polymethyl 
methacrylate, polystyrene, or melamme. as slip agent or delustranL 
20 The solvent used in the surface treatment agent of this invention will be 

made up mainly of water, but a water-soluble organic solvent. e.g., an alcohol, ketone, or 
glycol ether solvent, can be used as necessary or desired in order to improve the dry 

compatibility of the coating. 

In addition to the components already considered above, the inventive 
2 5 surface treatment agent may also contain - within a range that does not impair the 

objects of the invention or the properties of the coating - additives such as surfactant, 
defoamer. leveling agent, gerrricide/bactericide, and colorant. 

The surface treatment method of this invention will now be considered in 

detail. 

3(J The treatment steps preceding the mventive treatment are not particularly 

restricted, but the inventive treatment will generally be preceded by cleaning with hot 
water, solvent, or alkaline or acidic degreaser in order to remove oil and contaminants 
adhering on the substrate. This cleaning can be followed, as necessary or desired, by 
surface conditioning with acid or base. Cleaning of the substrate surface is preferably 
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The following education technologies ^ ^ 

^^^^^^ WhOethetet^^^l^ 
agent is mainly water. ~**«^u&m , 

^ Wten th, drying process doe. oot involve curing ofd* polymer 

however he ^ It „ ^ „ 

„, of ^ J* "** " ' « 30 .0 5.000 ngfai'&s the total 

coating. A satisfactory corrosion resistance and adherence to ton™** » . 

a M r h R » ^ved (without wishing to be bound by theory) thai chring 
application to the substrate metal and drvinstW, * • . 

drying thereon the inventive treatment agent acts to 
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provide the substrate with an excellent corrosion resistance and paint adherence (i) by 
reacting with the surface of the metal substrate, whichresults in the formation of a highly 
adherent coating, and (u) by the formation of a coating by the resin component of the 
treatment agent 

5 More specifically, the phosphorus<ontaining acid group in the polymer 
(a) and the metal ion in the metal compound (b) are thought to react with the surface of 
the substrate metal, which results in the formation of insoluble salts or insoluble 
compounds that deposit on and adhere to the surface. In addition, during the drying step 
polymer (a) is believed to undergo self^rosslinking through intermolecular condensation, 
10 or the metal compound (b) acts as a crosslinker for the polymer (a), and as a consequence 

film formation occurs with the production of a tine, dense three-dimensional structure. 

The excellent corrosion resistance of the resulting coating is believed to 
be due to the excellent adherence to substrate generated by the phosphonis-<^taining 
acid group in the polymer (a), the barrier effect produced by the coating for the metal 
15 surface, and the following mechanisms. Tie polymer (a) specified by this invention is a 

resonance smicture-containing compound that is resonance stabilized, ft and the specified 
transition metal compound (b) have the ability, through their * orbitals, to delocalize the 
electrons produced by corrosion and thereby secure and maintain a uniform surface 
potential and provide an excellent corrosion resistance not only in flat regions, but also in 
2 0 marred regions and at end surfaces and edges. Moreover, vanadium, tungsten, and 

molybdenum in particular have an oxidative function like that of chromium and are able 
to consume, as reducing electrons, the electrons produced by the anode reaction of the 
corrosion reactions. This provides additional enhancements in the corrosion resistance. 

The coating formed by the inventive treatment agent also exhibits an 
25 excellent probability, shapeabflity, and slideability due to the fact that its main 

component is organic resin. 



1. Substrates 

A : electrogalvanized steel sheet (sheet thickness = 0.8 mm) 
B : hot-dip galvanized steel sheet (sheet thickness = 0.8 mm) 
C : 55% Al/Zn-plated steel sheet (sheet thickness = 0.5 mm) 
D : A-3004A1/Mn alloy (sheet thickness = 0.15 mm) 

2. Treatment agents 

(1) Treatment agent components 
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Polymer (a): al through a5, which com»«« a a 



Table 1. 
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Table 2. 
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The following metal compounds (b) were used in the working and comparative 
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examples. 




bl : 


(NH*)V03 


b2 


product of the reduction of V 2 O s by tartaric acid 


b3 '• 


product of the reduction of (NH4)V03 by glucose 


M 


: VCXCsHtOiJj 


bS 


: (NH 4 ) 6 M070 M 4Ha0 


b6 


: 3(NH*)a012WO3nH20 


»>7 


: (NH4MZKCOj)2(OH)2l 


b8 


: HiTiF6 


b9 


: MnCOj 



Component b2 was synthesized by mixing VjO, and tartaric acid at a » 
mass ratio; adding distilled water to adjust to 2 mass% solids; and then heating 
the mixture for 2 hours at approximately 50°G 
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neatmg for 2 hours at approximately 70°C 

The following organic polymers (c) were used in the woridng and 
comparative examples. 

*. = acrylicemu! *. (POLYZOLAP^OftomSho^Highpo!^^, 

LAM*) 

c2 : acrylic emulsion (ACRYSBT SC-548 from Nippon Shokubai Co., Ltd.) 
: amon-modified epoxy resin (ADEKA Resin EM-0433 from Asahi 
Denka Kogyo Kabushiki Kaisha) 

c4 : waterbome polyurethane (SUPERFLEX 150 from Dai-ichi Kogyo 
SeiyakuCo.,Ltd.) 

The following fluorine compounds (d) were used in the working and 
comparative examples, 
dl HP 
d2 : HaZrF 6 
d3 : HjTiFj 
<M : H 2 SiF < 



The other components used in the working and comparative examples 
were as follows. **ujpics 

* ■■ »«'^w«(CHEMIPEAM.W700^Mlu» i Cb OTi cal s , ilc . ) 

(2) Treatment agent preparation 

polymer (a), metal compound (b), and fluorine compound (d) in each 

'^^onofmeo^,^,^,,^ 
e-oceaeeameMm^^ueoua^ ^ ^ „, 
adjuaonen, » me apecffled concentrate, with deiouized water. 

Treatment sequence 
(!) Degreasing 
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(i) The substrate was degreased using PALKLIN 364S, an alkaline 
degreaser from Nihon Parkerizing Co., Ltd., by spraying the 20 g/L bath 
at 60°C for 10 seconds using a spray pressure of 50 kPa. Degreasing was 
followed by rinsing with a 10-second spray of water. 

(ii) The substrate was degreased using FINECLEANER 315, an 
alkaline degreaser from Nihon Parkerizing Co., Ltd., by immersion at 
60°C for 40 seconds in the 30 g/L bath. Degreasing was followed by a 
30-second shower water rinse. 

(2) Application and drying 

I : The treatment bath, adjusted to a concentration of 16 mass%, was 
applied with a bar coater so as to give a dry coating thickness of 
approximately 1 urn. Drying was then carried out at a peak metal 
temperature (PMT) of 80°C. 

EL : The treatment bath, adjusted to a concentration of 16 mass%, was 
15 applied with a bar coater so as to give a dry coating thickness of 

approximately 1 urn. Drying was then carried out at a PMT of 150°C 

4. Evaluation methods 

(1) Corrosion resistance 
20 Corrosion resistance testing was run on the treated sheet samples prepared 

in the working and comparative examples using the following sample types: an 
unshaped (flat region) treated sheet sample, a treated sheet sample produced by 
the introduction using an NT cutter of a cross cut down to the basis metal (cross 
cut region), and a treated sheet sample produced by 7-mm Erichsen extrusion 
25 (shaped region). The corrosion resistance was evaluated as follows. 

For the flat-region samples: The area of white rust development was determined 
after 72 hours of salt spray in accordance with JIS Z-2371, "Salt-spray 
testing methods". The area of white rust development was evaluated on 
the following scale. 
3 q area of white rust development 



+ + 

+ 

A 

x 



less than 10% 

less than 30% but at least 10% 
less than 60% but at least 30% 
at least 60% 
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For the cross cut sables: The state of white rust developer was visually 
evaluated after 72 hours of salt spray in accordance with JIS Z-2371 
"Salt-spray testing methods". The evaluation used the following scale 
state of white rust development 
+ + : almost no rusting 
+ slight rusting 

A : rusting occurred 
X •• substantial rusting occurred 

Fortheshaped-regionsamples: Thestateof white rust development was visually 
after 72 bourse^ 

"Salt-spraytestingmethods-. The evaluation used the following scale 
state of white rust development 
+ + : almost no rusting 
slight rusting 
rusting occurred 

substantial rusting occurred 
(2) Paint adherence 

Using » NT ctmer, . m ofl0 0 ^ m 

pan** «„ shM , carried out as described Wow) m , ^ fc 

t.*,.^ 

P^seaaitive adhesive tape (prtaav Jo^^^ 
- «M to a pauted ^ ^ to ^ WK fM a ^ ^ 

pure water; and the same tape pool testing was then executed (secondary 

*a>estaO. ^flonw^c^cadb^cooodogoKnonteofparMgrid 
squares remaining after tape peeling. 

100 



+ 
A 

x 



+ + 
+ 
A 

x 



fewer than 100, but at least 80 
fewer than 80, but at least 50 
fewer than 50 

Painting procedure: Using a bar coater. the surface-treated metal sheet was 
coated with DELICON #700 from Dainippon Toryo Kabushiki Kaisha so as to 
g.ve a dry coating thickness of approximately 25 Mm. Coating was followed by 
drying by baking for 20 minutes at 140°G 



(3) Fingerprint resistance 
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A finger was pressed onto the surface of the treated sheet followed by 
evaluation by visual inspection of the status of the residual fingerprint trace. 
Evaluation scale: 

+ + : residual fingerprint trace entirely absent 
5 + : very faurt residual fingerprint trace 

A : residual fingerprint trace present 
x : distinct residual fingerprint trace present 
Table 3 reports the treatment bath composition and treatment method for 
the working and comparative examples that used al through a5 (polymers with general 
1 o formula (D) for the polymer (a), while Table 4 reports the same information for the 

working and comparative examples that used a6 through a 12 (polymers with general 
formula (II)) for the polymer (a). Table 5 reports the results of the evaluations for the use 
of al through a5 as polymer (a), while Table 6 reports me results for the use of a6 through 
al2 as polymer (a). 

As Tables 5 and 6 make clear, an excellent corrosion resistance, paint 
adherence, and fingerprint resistance were exhibited by the films afforded by the 
application of an inventive surface treatment agent (Examples 1 through 20) to the metal 

surface followed by drying. 
2 0 in contrast, Comparative Example 1 (which lacked the organic polymer 

used as component (a) in Example 1) and Comparative Example 6 (which lacked the 
organic polymer used as component (a) in Example 1 1) both gave a poor corrosion 
resistance, paint adherence, and fingerprint resistance. A poor corrosion resistance was 
obtained in Comparative Example 2 (which lacked the metal compound used as 
25 component (b) in Example 2) and in Comparative Example 7 (which lacked the metal 

compound used as component (b) in Example 12). A moderately poor corrosion 
stance and paint adherence were obtained in Comparative Example 3 (which lacked 
the component (a) of Example 6) and in Comparative Example 8 (which lacked the 
component (a) of Example 16). A poor corrosion resistance was obtained in Comparative 
30 Example 4 (which lacked both the components (a) and (b) used in Example 5) and 

Comparative Example 9 (which lacked both the components (a) and (b) used in Example 
15). Fmally, a poor corrosion resistance was obtained in Comparative Example 5 (which 
lacked the component (b) and optional component (c) used in Example 8) and in 
Comparative Example 10 (which lacked the component (b) and optional component (c) 
3 5 used in Example 18). 
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working 
and camp. 



substrate 



Ex.1 

Ex.2 

Ex. 3 
Ex.4 



Ex.5 

Ex.6 
Ex.7 

Ex.8 
Ex.9 

Ex. 10 



Ex. I 



Comp. 
Ex.2 



Comp. 
Ex.3 



Comp. 
Ex.4 

Comp. 
Ex.5 



decreasing 



® 



0 



TabJe3. 

treatment agent components (weigfat%)« 



(a) 



(b) 



IT 



(i) 



"of 



0) 



fl) 



al (88) 








a2(70) 


I 021161 




1 o8(14) 


1 a3C80) 


I Ox (ZUJ 


al (4G\ 


1 w w 




07(8) 








b8(!4) 


a3(35) 


02(20) 


a4(25) 


04(15) 




05(15) 


a5(20) 


M(4) 


a3(30) 


M(4) 




04(4) 


a2(10) 


WW 




W(6) 



(c) 



0) 



cl(48) 



c3(50) 



c2(45) 
c3(30) 



c4(70) 
cl(d2) 



c4(80) 



(d)~ 



di(2) 



<*2(3) 



dl(2) 



<&(3) 



<B (5) | el (10) 
e2(5) 
**<2) | e2(6) 
<U(4) 



d2(l) 



as Example 1, bat omitting component (a) 



(i) 



<H) 



same as Example 2, but 



omitting component (b) 



as Example 6, but omitting component 



(a) 



(0 



CO 



same as Example 5, but omitting components 



(a)and(b) 



s Example 8, bat omitting 



components (b) and (c) 



treatment 



♦* 



Pontage calculated on the sum of the nonvolatile components of components (a) 
+ ™ + (C) + (C) ^ e **P*>° that (b) was calculated on the basis of the metal. 

concentration (g/L) in the treatment agent 
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Table 4. 




* percentage calculated on the sum of the nonvolatile components of components (a) 
+ 00 + (0 + (e) with the exception that (b) was calculated on the basis of the metal. 



** concentration (g/L) in the treatment agent 
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Tables. 
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Table 6. 



corrosion resistance 



examples and 

comparative I flat I crosscut 

examples I region I region 

ill I + I + 



Example 12 
Example 13 



+ 

+ + 



+ 
+ 



Example 14 + + 



Example 15 ! + + 
Example 16 I ++ 



+ + 



Example 17 + + 



Example 18 



+ + 



19 



++ 



++ 



Example 20 



+ + 



+ + 



Comp. Ex. 6 



shaped 
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+ 
+ 
+ 



paint adherence 
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+ + 
+ + 



+ + 



+ + 



+ + 



Comp. Ex. 8 



Comp. Ex. 9 



Comp. Ex. 10 



+ + 



+ + 
+ + 



+ + 



+ + 
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fingerprint 
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+ 



+ + 



+ + 



+ + 
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+ + 



+ + 



+ + 



+ + 
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The surface treatment agent according to this invention is a 
nonchromiunHype agent that is free of toxic chromium compounds. The coating formed 
from the inventive surface treatment agent has an excellent corrosion resistance, paint 
adherence, and fingerprint resist These features endow the inventive treatment agent 
and treatment method and the treated metals afforded thereby with a very high 
commercial and industrial utilization value. 
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1. 
(a) 
and 
(b) 



What is claimed is: 

An agent for treating metal surfaces comprising water and 

one or — po lymeK taving ^^^^ ^ 

on. or more metai compounds containing a, iensttme tneul selected from me 
manganese, and cerium 



R 1 R 2 

- Ah 




R 4 

I 






■ — c— 




n 








ov 3 


OH 



R 5 
I 

-C- 

at 



m 



wherein 



R 1 through R» are each independently selected from H (hydrogen 
aflcyl; 

V 1 andV'are each independently selected from H (hydrogen atom). 

-R 8 Z,and-OR 8 Z 
wherein 

R 7 represents Ci to Q alkyl, 
R* represents C, to Cs alkylene, and 
Z has a general formula as follows wherein T 1 to T* 
selected from Hand C, toCsalkyl 

|| — P— OT3 
P— OT1 or 

OT2 



atom) and Q to Q 
-€H 2 OR 7 , _z, - 



are each independently 



V 3 is H or -Z wherein this Z is defined as above; 
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condensation with formaldehyde, said divalent group being different from the 
aromatic ring moiety in the structure encompassed by the subscript s, or Y is a 
divalent group as afforded by the removal of one hydrogen atom from each of 
the 2 amino groups in melamine, guanamine, or urea; 
s is an integer from 2 through 50; and 
t is 0 or an integer from 1 to 20. 

The agent of claim 1 additionally comprising at least one organic polymer (c) 
selected from the group consisting of anionic organic polymers and nonionic 
organic polymers. 

The agent of claim 1 or 2 wherein at least one of the metal compounds is a 
vanadium compound containing vanadium in a trivalent or tetravalent oxidation 
state. 

4. The agent of claim 1, 2 or 3 additionally comprising one or more fluorine 
compounds. 

15 5 - ^ ea S entofcI ^1.2,3or4havmgamassiatioofmetalcompound(b)(as 

metal): polymer (a) which is from 0.005 to 2.0. 

6. The agent of claim 1, 2, 3, 4 or 5 additionally comprising one or more water- 
dispersible sols selected from the group consisting of silica sols and metal sols. 

7. The agent of claim 1, 2, 3, 4, 5 or 6 additionally comprising one or more waxes. 
A method for treating a metal surface comprising of the steps of: 

forming a coating of the agent according to claim 1, 2, 3, 4, 5, 6 or 7 on a metal 
surface; and 

drying said coating by heating so that said metal surface reaches a temperature of 
50"Cto250°C 

25 9 - A nietal bearing a coating formed using the method of claim 8 
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at least 1 of groups V 1 through V 3 is a Z-containing functional group; 

X is a group provided by the opening of an ethylenic double bond of an ethylenic 

double bond-functional compound that is different from both the compound that 
provides the structural unit encompassed by the subscript n and the compound 
that provides the structural unit encompassed by the subscript m; 

n is an integer from 2 through SO; 

m is 0 or an integer from 1 through 50; 

p is 0 or an integer from 1 through 20; 

0.1<n/(n + m + p)£1.0; 

0£ m/(n + m + p) S 0;9; and 

0£p/(n + m + p)£0.6; 
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wherein 

W 1 through W 3 are each independently selected from H, -CKfeOR 1 , -Z, 
-OZ, -R^Z -OR^ and general formula (i) 




(i) 



wherein 

R a , R d , and R c axe each independently selected from H and d to Cs alkyl, 
R b and R c are each independently selected from Ci to Q alkylene, 
Z is defined as for Z in general formula (I), and 

no more than 1 of W 1 through W 3 can be a group with general formula (i); 
W 4 represents Har-Z wherein this Z is defined as above; 
at least 1 of groups W 1 through W 4 is a Z-containing functional group; 
Y is a divalent group as afforded by removal of a hydrogen atom bonded to the 

aromatic ring carbon of an aromatic compound capable of undergoing addition 
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